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Any. mtroductmn to La.blet coatmg ‘roust be- prefaced by an
important question—"‘Why coat tablets?"—since in. mary
- instances, the coating is being applied to a dosage form that
- already is'functionally complete.
‘this’ question, if one examines the market, it will' become
apparent that a significant proportion of pharmaceutlcal solid
dosage forms are coated.. The reasons for this range from
. the esthetic to a desire to control the bloa\'dlldblll'ly of the
drug, and include: :

1. Protecting the drug from its surrounding en\.rir'm-nrnent_(i)au‘tim.nlm‘l},Ir
air, moisture and light) with a view to improving stability.

2. “Masking of unpleasanf taste and odor.

" 3. Increasing the ease by means of which the praduct can be mgesl.e.d :

by the patient.

" 4. Improving product ldenmy, trom the manufacturing pl:mt through
intermediaries and to the patient.
© 5. Facilitating Handling, pamcularly in high- apeed packaging/ ﬁllmtj
lines, and automated countersin pharmacies, wherethe coating minimizes
cross-contamination due to dust elimination.

6. Improving product appearance, particularly wherb there are notice-
able visible differences in tablet core ingredients from hatch to batch,

7. Reducing the risk of interaction between mcompatlblecomponents.
This would bé achieved by using coated forms of one or more of the
offending ingredients (particularly active compounds).

‘8. Improving product mechanical integrity, since coated prod ucts gen-

erally are more resistant to mishandling (abrasion, attrition, etc).
9. Modifying drug release, as in euteru: coated, repeat- -action and
sustained-release products. .

Evolution of the Coating. Process—Tablet coatmg is
perhaps one of the oldest pharmfaceutical processes still in
existence. - Although a great deal has been written about the
material$ and methods used, the coating process is still often
Tecognized to be more of an art than a science, a factor which
may be responsible for many of the problems that can exist.
Historically, the literature cites Rhazes (850-932 AD) as be-
ing one of the earliest “‘tablet coaters,’ " having used the muci-

lage of psyllium seeds to coat pills that had an offending taste.-

Subsequently, Avicenna' was reported to have used gold and
silver for pill coating. Since then, there have been many
references to the different materials used in "tablet coating. e
White? mentioned the use of ﬁnely divided talc in what was at
one time popularly known as ‘‘pear] coating,” whilé Kremers

and Urclangd described the ml.roductlon of the gelatin coating-

of pills by Garot in 1838.

An interesting reference! repoits the use of waxes 10 coat
poison tablets. These waxes, being insoluble in all parts of
the gastromtestmal tract, were intended to prevent accidental
poisoning (the contents could be utLllzed by breakmg the
tablet prior to use). -

While earlier coated products were produced by mdwlduals- .

working in pharmacies, particularly when extemporaneous
. 'compouﬁdmg was the order of the day, that responsibility now
' has been assumed by the pharmaceutical industry. . The earli-

est attempts to apply coatings to pills yielded variable results -

and usually required the handling of single pills. Such pills
would have been mounted on a needle or held with a pair of
+ forceps and literally dipped into the coating fluid, a procedure
which would have to be repeated more than once to ensure
that the pill was coated completely. Subsequently, the pills
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were held at the end of a suction tube, dipped and then the

process.repeated for the other side of the pill. Not surpris-

ingly, these l:echmques often failed to produce a uniformly . -
. coated product.® :

Initially, the first sugar-coated pﬁls seen in the US were
imported from France about 1842;% while Warner, a Philadel-
phia pharmacist, became among the first mdlgenoua manufac-

turers in 1856.8
Pharmaceutical pan-coating processes age based on those

used in the candy industry, where techniques were highly - -

evolved, even in the Middle Ages. Today, while most coating
pans are fabricated from stainless steel, early pans were made
from copper, because drying was ef[ected _by means of an
externally applied heat source. Current thinking, even with
conventional pans, is t§ dry the coated tablets with a supply of
heated air, and remove the moisture and dust-laden air from

" the vicinity of the pan by means of an air-extraction system.

- Pan-coating processes underwent little further change until

* the late 1940s and early 1950s; with the conventional pan

being the mamstay of all coating operations up to that time.
However, in.the last 20 or 30 years 'there have been some.
significant advances made in coatmg—process bechnology,
mainly -as a result of a steady evolution in pan design a.nd its
associated ancﬂlary equipment.

Interestingly, in the early years of this deveiopment an

“entirely new, form of technology evolved, that of film coating:
" Recognizing the deficiencies of the sugar-coating process,

advocates of film coating were achieving success by using
coating systems involving highly volatile organic solvents.

‘These circumvented the problems associated with the ineffi-

ciency in the drying capabilities of.conventional equipmént,
and enabled production-quotas to be met with significant
reductions in processing times and materials used. The dis-
advantage of this approach, however, always has been associ-.
ated with the solvent systems used, which often employed-
ﬂartunable and toxic.materials.

The advances that occurred with equlpment demgn having -
begun by the development af the Wurster” process and contin-
ued by the evolution of side-vented pans, have resulted in the .
gradual emergence of coating. processes where drying effi-
ciency can be maximized.. Thus, film coating beganas a~

‘ process using inefficient drymg equipment, relying on highly

volatile ‘coating formulations for success, and evolved into
one in which the processing equipment is a major factor in
ensuring that rapid drying occurs. - Improved drying capabili-"
ties have permitted increased use of aqueous ﬁlm-coaung
formulations.

Advancesin equipment design also have benefited the 5uga.r~
coating process, where, because of Current Good Manufactur-

_ing Practices (CGMP) and to maintain product uniformity and )
performance, the trend has been toward using fully automated .

' processes.

- the'process of choice for I;ablet coating. ¢ S i

Nonetheless, film coating tends to dominate as

-F'_hai'maééutical Coating Processes

'Bals.ically, there are four major techniques for applying coat-
ings to pharmaceutical solid dosage forms: (1)'sugar coat-
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mg, () film. coating, (3) nucroencapsulatmn and (4) comnres-‘

sion coating.
Although it could be argued that the use of mucilage of

* psyllitun seed, gelatin, etc, as already discussed, was an-early. .

form of film coating, sugar coating is regarded as the oldest
method for tablet coating, and involves the deposition from
“.aqueous solution of coatings based predominantly on sucros

“as a raw material. The large quantities of coating matetial

that are applied dnd the inherent skill oftén requi.red of the

‘operators combine to result in 4 long and tedious process.
Film coating, the deposition of a thin polymeric film onto

the dosage form from solutions that were initially organic-

solvent-based, but which now rely more and more.on water as
" the prime solvent has proven to be a popular’ alternative to
sugar coating. -
eroencapsum.twn is a modlﬁed form of film coatmg,
dlffermg_ only in the size of the particles to be.coated and the
methods by whichthisis accomplished.. This processisbased
on either mechanical methods such as pan 'coating,” air-
~ suspension techniques, multiorifice cenmfugaltechmques and

modified spray-drying techniques, or physicochemical ones

“involving coacervation-phase separation, where the material
to be coated is suspended in a solution of the polymer. -Phase
separationis facilitated by the addition of a nonsolvent; incom-
patible polymer, morgaruc saltsor by altermg the temperature
' ‘of the system.

Compression coaling . mcorporates the use of modified
tableting machines which allow the compaction of a dry coat-
ing-around the tablet core produced on the same machine.

The main advantage of this type of coating is that it eliminates’
the use of any solvent, whether aqueous or organic in nature.’

. However, this process is mechanically complex and has not
proven popular as a method for coating tablets.

© Sugar Coating of Compressed Tabters’ ‘

While the term “sugar’ is semewhat generic, and lends

-itself to describing various raw materials, sugar coating relies
mainly on the use of sucrose.. The main reason for this is
that, based on the techniques involved, it is probably the only
matena.l which has enabled smooth, high-quality coatings to
be produced, that aré essentlally dry and tack-free at the end
of the process.

While the popularity of sugar coating has been on the de-

- cline, this process still retains some popularity,” and many

" companies have mvested in the complete modernization of
- the process.

In spite of certain inherent dlﬁicultles associated with the
sugar-coating process, products which have been expertly
sugar coated still rernain among the most elegant available,

' . Since sugar coating is a multistep process, where esthetics

of the final coated product is an important goal, it has been,

and still is in many companies, highly dependent on the use of
skilled manpower.
cess is often protracted.and tedious. However, processing
times have been reduced gradually in the last two decades by

the adoption of modern techniques and by the mthdllCthIl of .

 automatiorn.

The sugar-coating process can be subdivided mto SiX main’

_steps:, (1) sealing, (2) subcoating, (3) smoothing, (4) color
coating, (D) polishing and (6) prmtmg

Sealing—The sealing coat is applied d.l:et:tly to the tablet
core for the purpose of separating the tablet ingredients(pri-
" marily the drug) and water (which is a major constituent of
" the coating formulation) in order to assiure good, product

. .stability. A secondary function'is to strengthen the tablet

core. Sealing coats usually consist of alcoholic solutions
(approximately 10-30% solids) of resins such as shellac, zein,
cellulose acetate phthalate or polyvinyl acetate phthalate.

. Historically, shellac has proven to be the most popular.mate-
rial although it can cause impaired bioavailability due to a
change’in resin properties on storage.
problem has been to use a shellac-based formulation contain-
ing a measured quantity of polyvinylpyrrolidone (PVP).%

For these reasons, the sugar-coating pro-

A solutien to this .

'rous tablets will tend

. powder is asbestos-free talc.
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The quantmes;of material applied as a sealing. coat will’
However, .

. depend prunan]y on the tablet and, batch size..
another i ortant‘f\ tor is tablet porosnty, since highly po-
a%ﬁoak up the first application of soku-

tion, thus preventing-it from spreading uniformly across the

. surface’ of every tablet in the batch. Thus, one or more '

further applications of resin solution may be necessary to
ensure that the tablet.cores are sealed effectively.

" Since most sealing coats develop.a degree of tack (suckl-" &

ness) at some time during thé drying process, it is usual to

apply a dusting powder to prevent tablets from sticking to- -

gether or to the pan. A common material used as a dusting

cause problems, firstly, by imparting a high degree of slip to

- the tablets, thus preventing them from rolling properly in the
pan, and secondly. presentmg a surfaceat the beginning of the

-subcoating stage which is very difficult to wet, resulting i m

inadequate subcoat buildup, particularly on the_edges

there is a tendency for either of these problems to occur, one o
- golution is to replace part or all of the talc with some other . -
material such as terra alba, which will form a slightly rougher f;
Use of talc now is being frewned upon because of its

surface.
potentlal carcinogenicity.

. If an enteric-coated product is requu‘ed additional quantl~ )

ties of the seal-coat solution are applied.. In this situation,

however, it is preferable to use synthetlc polymers such as

p'olyvinyl acetate phthalate or cellulose acetate phthalate, |
Subcoating—Subcoating is a-critical operation in the sugar-
coating process that can have a marked effect on ultimate

tablet quality. Sugar coating isa process which often leads -

to a 50 to 100% weight.increase, and it is at the subcoating
stage that most of the buildup occurs.

Historically, subcoating has been achieved by the apphca—

" tion of a,gum-based solution to the sealed tablet cores, and
‘once this solution has been distributed.uniformly throughout:
~ the tablet mass, it is followed by a liberal dusting of powder,

which serves to reduce tack and facilitate tablet buildup.
This procedure of application of gum. solution, spreading,
dusting and drying is continued until the requisite buildup hag

been achieved. Thus, the subcoatmg is a sandwich of alter- -
-nate layers of gum and powder. .

solutions are shown iri Table 1 and those of dusting powder
formulations in Table 2. .

‘While this approach has proved to be very effective, pamcu-
larly- where there is difficulty in covering edges.
taken, a “lumpy’’ subcoat will be the result,
amount of dusting powder applied is not matched to the
bmdmg capacity of the gum solution, not ondy will the ultimate
coating be brittle, but also dust will collect in the back-of the

-pan, a factor which may contributé to excessive roughness. ',

" An alternative approach which has proved popular; particu-
larly when used in conjunction with an automated dosing !
system, is the application of a suspension subcoat formulation.

Table '1 —Bindet: Solution Fdrmulatlnns'ior Subcoating _. |

= g A %wlw B, %ew/w
- " Gelatin : 4 - 38 6.0
- Gum acacia (powdered) 8.7 - 8.0 -
Sucrose : - 55.3 ) 45.0
: £6-100.0 - to.100,0

‘Water .

- Table 2—Dusling Powder Formulallons for 5uhcoailng

A % w;‘w ‘ B, % w!w
Calcium carbonate ) 40.0 -
Titanium dioxide . L 5.0 R H)
Talc (asbestos-free) 25.0 61.0
Sucrose (powdered) 28.0 ; © 380 . .-
Gum acacia (powdered) . 2.0 —

Overzealous use of talc may*’

Some examples of binder-

Ifcareisnot
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In' such a formulation the powdered materials responsible for
/coating buildup have been dispersed in a gum-based solution.
“A typical formulation is shown in Table 3. This approach
‘allows | cisolids loading to be miatched more closely to the

binding capacity of the base solution, and often permiis the

less-experi¢nced coater to achieve satisfactory results.
Smoothing—Depending on how successfu]l]rthe Subc{)nx.

was applied, it may be necessary to smooth out the tablet

surface further prior to application of the: cotor coating.

Smoothing usually can be accomplishied by the application of

a simple syrup solutaon (approxlmately 60 to 70% sugar sol-.

ids).

. .Often, the smoothing syrups contain a low percenmge of
‘titanium dioxide (1 to 5%) as an. opacifier. This can be
particularly useful when the subsequent color-coating formu-

lation uses water-soluble dyes as colorants; since it makes the

surface under the color coating more reflective, resultmg ina
brighter, cleaner final color.

Color Coating—This stage often is the most critical in the
successful completion of a sugar-coating process, and in-
volves the multiple application of syrup solutions (60 to 70%
sugar solids) containing the requisite coloring matter. The
types of coloring materials used can.be divided into two
categories: dyes or pigments.
. two simply is one of solubility in the coating fluid.
water-soluble. dyes behave entirely differently than water-
insoluble pigments, the application procedure used in the
color coating of tablets will depend on the type of colorant
chosen.

“When used by a skilled artisan, ‘water-soluble dyes produce’

the most elegant of sugar-coated tablets, since it is possible to
obtain a cleaner, brighter final color. However, since water-
soluble dyes are migratory colorants (that is to say, moisture
- that is removed from the coating on drying will cause migra-
" tion of the colorant, resu]ting'in a nonuniform appearance),
great care must be exercised in their use, particularly when
dark shades are required. This can be achleved by applying
small quantities of colored syrup that are just sufficient to wet
the surface of every tablet in the batch, and then allowing the
tablets to dry slowly. ‘It is essential Lhat each application is
allowed to dry thorcughly before subsequent applications are
made, otherwise moisture may become trapped in the coating
and may cause the tablets to “sweat’' on standing.

The final color obtained may result from up to 60 individual

appli¢ations of colored syrup.. This factor, combined with

the need to dry each application slowly and thoroughly, re-

. sults jn very long processing times (eg, assuming 50 applica--

tions are made which take between 15 and 30 minutes each,
the coloring process can extend over a period of up to 25
‘hours).

Tablet color coating with pigments, as advocated by Tucker
etal,® can present some significant advantages. First of all,
since pigment colors are water-insoluble, they present no
- problems of migration since the colorarit remains where it is
deposited.
bined with an opacifier such as titanium dioxide, the desired
golor can be developed much more rapidly, thus resulting in'a
thinner color coat,

significant reductlons can be madp in hoth processing t.l.mes
and costs.

Table 3—Typical Suspéﬂsion.subcoallng Formulation

% wiw
1
Distilled water 25.0
Sucrose 40.0
Calcium carbonate 20.0
Talc (asbestos-free) 3 12.0
Gum acacia (powdered) 2.0

Titanjum dioxide = 1.0

foolproof, they will permit more abuse than a dye color-
- coating approach, and are more amenable for use by less-

The distinction between the .
Since .

In addition, if the pigment is opaque, or is com-

Since each color-syrup application now’
can be dried more rapidly, fewer applications are required and °

Although ﬁigmen't'-based color coatings are by no means; -

skilled coaters. Pharmaceutically acceptable pigments can
be classified either as inorganic pigments (eg, titaniuin diox-|
ide, iron oxides) or certified lakes. Certified lakes are pro-|
duced from water-soluble dyes by means of a process known
as “laking,” whereby the dye molecule becomes fixed to a

suitable insoluble substrate such as aluminum hydroxide.

Certified lakes, . particularly when used in conjunction with
an opacifier-such as titanium dioxide, provide an excellent
means of coloring sugar coatings and permit a wide range of
shades to be achieved. However, the incorporation of pig-
ments into the syrup solution is not as easy as with water-
soluble dyes, since it is necessary to ensure that the pigment is
wetted completely and dispersed uniformly. Thus, the use of
pigment color concentrates, which are commermally avail-

. able, is usually beneficial.

Polishmg—Sugar—coated tablets need to be pohshed in
order to achieve a final gloss. Polishing is achieved by apply- -

_ing mixtures of waxes (beeswax, carnauba wax, candelila wax

or hard paraffin wax) to the tablets in a polishing pan. Such
wax mixtures may be applied as powders or as dispersions in
various erganic solvents.

Printing—In order to'identify sugar-coated tablets (in ad-
di%ion to shape, size and color) .often it is necessary to print
thém, either before or after polishing, using pharmaceutical
branding inks, by means of the process of offset rotogravure.

'Sugar-Coating Problems—Various prohlems may be en-
countered during the sugar coating of tablets. It must be

. remembered that any process in which tablets are kept tum-"

bling constantly can present difficulties if the tablets are not
strong enough to withstand the applied stress. Tablets which

.are too soft; or have a tendency to laminate, may break up and

the fragménts adhere to the surface of otherwise good tablets.

Sugar-coating pans exhibit inherently poor mixing
characteristics. If care is not exercised during the applica-
tion of the various coatmg fluids, nonuniform distribution of
‘coating material ¢an oceur, resulting in an unacceptable range

_of sizes of finished tablets within the batch.

Overzealous use of dusting powders, particularly during the
subcoating stage, may result in a coating being formed in
which the quantity of fillers exceeds the binding capacity of
the polymer used in the formulation, creatmg soft coatings or
those with increased tendency to crack

Irregularities in appearance are not uncommon, and occur
either as the result of color migration during drying when
water-soluble dyes are used, or of “‘washing back’' when over-
dosing of colored syrups causes the previously dried coating
layers to be redissolved. Rough tablet surfaces wﬂl produce
a "‘marbled” appearance during polishing, since wax buildup
occurs in the small depressions in the tablet surface. v

sz.m Coating of Solid Dosage Forms

Film coating involves the deposition of a thin, but uniform,
film onto the surface of the substrate., Unlike sugar coating,
the flexibility afforded in film coating allows additional sub-
strates, other than just compressed tablets, to be considered
(eg, powder, granules, nonpareils, capsules). Coatings essen-
tially are applied continuously to a moving bed of material,
usually by means of a spray technique, although manual appli-
cation procedures have been used.

Historically, film coating was introduced in the early 19505

o in order to combat the shortcomings of the then predominant

sugar-coating process. Film coating has proved successful
asa result of the many adva.ntages offered, including:

Minimal weight increase (typlca!!y 2to 3% of tahlel core weight)
Significant reduction in processing times. v

Increased process efficiency and output.

Increased flexibility in formulations.

Improved resistance to chipping of the coating.

T 000
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In the early years of film coating, the major process advan-
tages resulted from the greater volatility of the organic sol-
vehts used. However, the use of such organic solvents has
created many potential problems, including:

. Flammability hazards. : . :
2 Toxicity hazards. +

3.. Concerns over environmental polluuon. .
4. Cost (either relating to minimizing items 1-3, or to the cost of the

Jolvens.s themselves).

. However, since the initial introduction of film coating, sxgm.ﬁ--'

cant advances have been made in process technology and
equipment design. The emphasis has changed from needing
highly volatile organic solvents (to achieve rapid drying), to
attaining the same ultimate effect by designing equipment to
have more efficient drying characteristics.

Thus, therehias been a transition from conventional pans to
side-vented pans and fluid-bed equipment, and consequently
from the problematic organic solvent-based process to an

.aqueous-one,

Film Coating Raw Materials—The major components in
any film-coating formulation congist of a polymer plasticizer,
colorant and solvent (or vehicle).

Ideal properties for the polymer include solubility in a w1de
range of solvent systems to promote flexibility in formulation,

an ability to produce coatings which have suitable mechanical

properties and the appropriate solubijlity in gastromtestmal

fluids such that drug bioavailability is not compromxsed
Cellulose ethers are the preferred polymers in film coating,

particularly hydroxypropyl methylcellulose. -Suitable substi-

tutes are hydroxypropyl cellulose, which may produce slightly

tackier coatings, and methylcellulose, although this has been
reported to retard drug dissolution.'® Alternatives to the
cellulose ethers are certain acrylics, such as methacrylate and
methyl methacrylate copolymers.

Most polymers are employed as solutions in either aqueous
or organic solvent-based systems. = Alternative systems em-

_ ploy aqueous. dispersions of water-insoluble polymers (eg

"

ethylcellulose). Such systems usually are combined with
agqueous solutions of water-soluble polymer in order to facili-
tate rapid drug release.

Many of the commonly used polymers are avallable ina
range of molecular-weight grades, a factor which also must be
considered in the selection process. Molecular weight may
have an important influence on various properties of the coat-
ing system and its ultimate performance, such as solution
viscosity and mechanical strength and flexibility of the result-
ant film,

The mcorporatlon of a plasticizer info the formulation im-
proves the flexibility of the coating, reduces the risk of the film
cracking and possibly improves adhesion of the film to- the
substrate. To ensure that these benefits are achieved, the
plasticizer must show a high degree of compatibility with the
polymer, and be retained permanently in the film, if the prop-
erties of the coating are to remain consistent on storage.
Examples of typical plasticizers include glycerin, propylene
glycol, polyethylene glycols, triacetin, acetylated monoglycer-
ide, citrate esters (eg, triethyl citrate) or phthalate esters (eg,
dlethyi phthalate).

Colorants usually are used to improve the appearance of the
product as well as to facilitate product identification. 'Ad-
ditionally, certain physical properties of the coating (eg its
performance as a moisture barrier) may be improved. Asin

‘the case of sugar coating, colorants can be classified either as

water-soluble dyes or insoluble pigments.

The use of water-soluble dyes is precluded w1th orgamc
solvent-based film coating because of the lack of solubility in
the solvent system. Thus, the use of pigments, particularly
aluminum lakes, provides the most useful means of coloring

film-coating systems. Although it may seem obvious to use

water-soluble dyes in aqueous formulations, the use of pig-

_mentsis preferred, since:

“1. They are unlikely to interfere w:th bioavailab[hty” as do some

i water-soluble dyes.
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2. "They help to reduce the permeability of the coating to moisture. 2
3. They serve as bulking agents to increase tha ovaral! solids content'in

the coating dispersion. 3
4. 'They tend to be more light stable.

The major solvents used in film coating typically belong o
one of these classes: alcohols, ketones, esters, chlorinated
hydrocarbons and water. Solvents serve to perform animpor-
tant function in the film-coating process, since they aid in
the application of the coating to the surface of the substrate.
Good interaction between solvent and polymer is necessary to
ensure that optimal film properties are obtained when the
coating dries. . This initial interaction between solvent and
polymer will yield maximum polymer-chain extension, produc- -
ing films having the greatest cohesive strength and, thus, the
best mechanical properties. An important function of the .
solvent systems also is to assure a controlled deposition of the

“polymer onto the surface of the substrate so that a coherent
-and adherent film coat is obtained. -

Although it is very difficult to give typlcal examples of
film-coating formulations, since these will depend on the prop-
erties of the materials used, such formulations usually are
based on 5 to 15% (w/w) coating solids in the requisite
vehicle (with the higher concentration range preferred for
aqueous formulations), of which 60 to 70% is polymer, 6 to. .
7% is plasticizer and 20 to 30% is-pigment.

Modified-Release Film Coatings

Film coatings can be applied to pharmaceutical products in
order to modify drug release. The USP describes two types

- of modified-release dosage forms, namely those that are de-

layed release and those that are extended release. Delayed-

release products often are designed to prevent drug release in

the upper part of the gastrointestinal (GI) tract. Film coat-

ings used to prepare this type of dosage form are commonly

called enteric coatings. Extended-release products are de-_ -
_signed to extend drug release over a period of time, a result

which can be achieved by the application of a sustamed~ or
.controlled-release film coating.

Enteric Coatings—Enteric coatings are those which re-.
main intact in the stomach, but will dissolve and release the
contents of the dosage form once it reaches the small intestine.
The purpose of an enteric coating is to delay the release of
drugs which are inactivated by the stomach contents, (eg,
pancreatin, erythromycin) or may cause nausea or bleeding by
irritating the gastric mucosa (eg, aspirin, steroids). In addi-’
tion, such coatings can be used to give a simple repeat-action
effect where additional drug that has been applied over the
enteric coat is released in the stomach, while the remainder,
being protected by the coating, is released further down the
gastrointestinal tract. '

The action of enteric coatings results from a difference in
.composition of the respective gastric.and intestinal environ-
ments in regard to pH and enzymatic properties. Although
there have been repeated attempts to produce coatings which
are subject to intestinal enzyme breakdown, this approach is
not popular since enzymatic decornposmon of the film is
rather slow. Thus, most currently used enteric coatings are
those which remain undissociated inthe low pH environment
of the stomach, but readily ionize when the pH rises to about 4
or5.. The most effective enteric polymers are polyacids hav-
ingapK,of 3to5. Coatings subject to enzymatic breakdown
are being considered now as protective coatings smtable for
the colonic delivery of polypeptide drugs.

Historically, the earliest enteric coatings used formalin-
treated gelatin, but this was unreliable since the polymeriza-
“tion of gelatin could not be controlled accurately, and often

_resulted in failure to release the drug, even in the lower intesti-

nal tract. Another early candidate was shellac, but again the

" main disadvantage resulted from further polymerization that

oceurred o storage, often resulting in failure to release the
active contents. Pharmaceutical formulators now prefer to
use synthetic polymers to prepare more effective enteric coat-
ings. . ,
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. include the application of suitable film coatings to
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" The most extensively used synthetic polymer is cellulose °

acetate phthalate (CAP) which is capable of functioning effec-
tively as an enteric coating. However, a pH greater than 6
- usually is requiréd for solublhty and ‘thus a delay in drug
release may ensue.
- ture and gastric fluid ¢ompared to most enteric polymers.
Thus ‘it is susceptible té hydrolytic decomposition where
phthalic and acetic acids are split off, resulting in'a change in
: ,polymenc -and therefore enteric, properties.
" . Another useful polymer is polyvinyl. acetate pthalate
(PVAP} which is less permeable to moisture and gastric fluid,
more stable to hydrolysis and able to ionize at a lower pH,
resulting in earlier release of actives in the duodenurmn.
~Other suitable enteric polymers include hydroxypropyl
‘methylcellulose phthalate (which has properties similar to
‘PVAP); methacrylic acid—imethacrylic acid ester copolymers
(some of which have a high dissociation constant?); cellulose
acetate trimellitate (CAT, which has properties similar to CAPY;
. carboxymethyl ethylcellulose (CMEC) and hydrcxypropyl
methylcellulose acetate succinate (HPMCAS).
Various systems recently have been introduced that allow
‘many of these enteric polymers to be applied as aqueous
- dispersions; thus facilitating the use of aqueous film-coating

technology. for the enteric coatmg of phanna.t,mtlcﬂ dosage

forms.

“Sustained- Release Coatings—The concept of sustamed
release formulations was developed in order to eliminate the
" need for multiple dosage regimens, particuiarly for those drugs
requiring reasonably constant blood levels over a long period
oftime. In addition, it also has been adopted for those drugs

. ‘which need to be administered in high doses, but where too.

rapid a release is likely to cause undesirable side effects (eg,
the: ulceration that occurs when potassium chloride is re-
leased rapidly in the gastrointestinal tract).

Formulation rethods used to obtain the desired drug avail-

- abil ity rate from sustained-action.dosage forms include

1.. Increasing the particle size of the drug.

2. Embedding the driig in a matrix. :
3., Coating the drug or dosage form containing the drug.
) 4 Forming complexes of the drug with mal.erm]s such as 1on ex-
i Lhange resins.

Only those methods whlch involve some form of coatlng fall

within the scope of this chapter.
Materials which have been found 5u1table for producmg

-~ sustained-release coatings include

1. Mixtures of waxes (beeswa‘x,' carnaubawa x, eLc) with glyceryl morio-

‘stearate, stearic acid, palmitic acid, glyceryl monopalmitate and cetyl

“aleohol,  These provide coatings whmh are. dlssolved slow]y or broken
down in the GI tract.

2. Shellac-and zem—poiymers which' remain intact-until Lhe pH of

gaslromte_stmal contents becomes less acidic.

3. Ethylcellulose, which provides a membrane around the dosage form
and remains intact throughout Lhe gasirointestinal tract: However, il
does permll water to permeate the film, dmsnlve the drug and diffuse out
again.

4. Acrylic resins, which behave similarly to eth ylcellulose asa dlﬁuslun-

controlled drug-release coatmg material.
5. Cellulose acetate (diacetlate and trlaf‘cl.al.e]
6. Silicone elastomers. ;

As'with an enteric coating, many of the synthétic polymers
suitable for sustained-release film coating have been prepared
+ as aqueous polymer dispersions (often called latexes or pseu-

+ dolatexes) that are commercially available and facilitate the

use of aqueous film-coating technology for the preparition of.

. extended-release products.'4

Various ‘methods have been used to prepare sustained-

release products using film-coating techniques. Examples

Dried granules (either irregular or spheronized).

1.

2. - Drug-loaded beads.(or nonparells)

3. Drugcrystals,

4. Drug/ion-exchange-resin complaes &
B, Tablets.

‘It also is relatively permeable to mois- -

" release tablet is the elementary osmotic’ pump.

 stress that develops within the film as it dries.

In the first four exaniples, the final coated particles can
either be-filled into two-piece hard-gelatin capsules or com- -

: _pacted intotablets. Additionally, coated drug/ion-exchange-

resin complex.,s may be chspersed in viscous liql.l.ldb to crea.te :
liquid suspensions. e

_A rather unique application of the film- coated su::tamecl—
In this de-
vice, a tablet core (formulated to contain osmotically active

, mgredjents} is film coated with a semipermeable membrane,

which is subsequéntly “pierced’” with a laser to create a deliv-
ery orifice. - On the ingestion of such a device, the infusion of -
water genemtcs an osmotic pressure within the coated tablet
that "purrips” the drug in solution out through the orifice.

‘With sustained-release products, one must remain aware
constantly of the fact that the final dosage forms typically

contain drug loadings that are sufficiently high to cause prob-. . - ;

lems if the entire dose is released qu1clcly This phenom-’

.enon, commonly called ‘‘dose-dumping,” can be avoided only
Af

1. The flm coating is mechamcally sound and w11] re31st ruplure on
ingestion of the dosage form. .

. 2« Sufficient coating is applied umfurmly across’ the surfa.ce of .the -
mdtemj thatis to be coated. ¥

Fllm-Coatmg Problems .

- As with suﬂar coating, dtfﬁcu]tles may develop du.nng, or
subsequent to, the film-coating process. The tablets being .
coated may not be sufficiently robust, or may have atendency
to laminate while being coated. Since film coats are rela-

" tively thin, their ability to hide defects is significantly less than

with sugar coating. Hence, tablets which have poor resis-
tance to abrasion (ie, they exhibit high friability characteris-
tics) can be problematic, since the imperfections readily may"
be’ apparent after coating. It is very important to identify

- tablets with suspect properties, whether mechanicaily or per-

formance related (eg, poor dissolution), prior to a coating
process, since subsequent recovery or. reworking of tablets
may be extremely difficult after a’ coating has been applied.
Various process-related problems can occur during the ap-
plication of a film coating. = One example is picking, which is
a consequence of the fluid delwery rate exceeding the drying
capacity of the process, causing tablets to stick together and
subsequently become broken apart. Another example, or-
ange peel or roughness, is usually the result of premature

- drying of atomized droplets of solution, or it may be a conse- .

quence of spraying too viscous a coating uoluuon such that -
effective atomization is difficult.

Mottling, or lack of color uniformity, can result from un-
even distribution of color in the coating, a problem often

.related to the use of soluble dyes ini aqueous film coating,
‘when color migration can occur, either by evolution of re-
‘ sidual solvent in the film, or by migration of plasticizer. in

which the colorant may.be soluble. The use of pigments in "

" the film-coating process minirnizes the incidence of this latter;

objection considerably. Howcver, uneveh color also can re-
sult from poor pigment dispersion in the coating solution.
Finally, séime major problems occur as the result of internal
One example
is cracking, which occurs when this stress exceeds the tensile

“strength of the film. This problem may be compounded by

postcompaction stress relaxation (a phenomenon that can
occur with certain types of tablet formulations, such as those
containing ibuprofen, after ejection fromthe die), which causes’
tablets to expand.- Another examplé is logo-bridging (ie,
bridging of a'monogram present in the surface of the tablet /

_core), which.occurs when a component of the internal stress is

able to overcome the adhesive bonds between thé coating and .

. the tablet surface, causmg the film to pull away so that legibil-

ity of the monogram islost. . Anunderstanding of the proper- .
ties of the various ingredients used in the film-coating formu-
lation, and how these ingredients interact with one another,
canallowthe formulator to avoid many ofthese mtcmal«stress- :
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staild;)fojxnt; coated tablets must be shown to ¢onform, where
applicable, to some color standard, otherwise the dispenser
and the consumer may assume that differences have occurred

from previous lots, signifying a changed or substandard .’
. vivo measurement should be ised to confirm that drug avail-

product. In addition, because of the physical abuse that
" tablets, both in their uncoated and coated forms, receive
during the coating process, it is essential to check for defects
such as chipped edges, picking, eLc and ensure they do not
exceed predetemuned limits. .
Often, in order to-identify the products coated tablets may
be unprmted (particularly with sugar-coated tablets) or bear a
monogram (commonly seen with tablets that are film-coated).

. The clarity and qguality of such 1dent1fymg features must be

assessed. The failure of a batch of coated tablets to comply

with such preset standards may result in 100% inspection

being required or the need for the batch to be reworked.
Batch to-batch reproducibility for drug availability is of

. paramount importance, consequently each batch of product -

should be submitted to some meaningful test such as a dissolu-
tiontest. Depending onthe characteristics of the tablet core
to be coated, tablet coatings can modify the drug-release
proﬁle even when not intended (unlike the case of enteric- or
- controlled-release products). Since this behavior may vary
with each batch coated (being dependent,.for example, on
differencesin processmg conditions or variability in raw mate-.
rials used), it is essential that this parameter should be as-
sessed, partlcu]arly in products that are typically borderline
(refer to Chapter 92). ; .

Stability. Testmg of Coated Products

Th stabmty -testing program for. coated products will vary
depending on the dosage form and its composition.

dis¢losed the conditions a product may encounter prior to end
use. Such conditions usually are referred to as normal agd

include ranges.in temperature hunudmy, llght and handling"

conditions. .
Limits of acceptability are established for ea.ch product for

qualities such as color, appearance, availability of drug for -.
The tire over which the prod- -

" absorption and drug content.
_uct retains specified properties, when tested at normal condi-
tions, may be defined as the skelf-life., The container for the
product may be designed to improve the shelf-life.
ample, if the color in the coating is light-sensitive, the product
may be packaged in an amber bottle ahd/or protected from
light by using a paper carton. , When the coating is friable,
resilient material such-as cotton may be incorporated in both
the top and bottom of the container, and if the product is
-affected adversely by moisture, a moisture-resistant closure
‘may be used and/or a desiccant may be placed in the package.
. The shelf-life of the product is determined in the commercial
- package tested under normal conditions.
The stability of the product also may be tested under exag-
gerated conditions. This usually is done for the purpose of
_'acceleratmg changes so that an extrapolatlon can be made

Many
stability-testing programs are based on studies which have

For ex- . .

CDA'.TING OF PHAHMAC_EUTICAL DOSAGE FDl;*IMS 1659

early, concerning the shelf-life of the product, AltHough use-
ful, highly exaggerated conditions of storage can supply mis-
leading data for coated dosage forms. ‘Any change in drug
release from the dosage form is measured in vitro, but an in

ability remains within specified limits over its stated shelf-life. -

" This confirmation can be obtained by testing the product '

initially for in vivo availability and then repeating at intervals
during storage at normal conditions for its estimated shelf-life

. (or longer).

. Interpretation of stability data for coatéd, modl.ﬁed-release
products should be undertaken with extreme care, since the-

-diffusion charatteristics of polymeric films can change signifi-

cantly under exaggerated temperature conditions.. This
change may be confounding whien trying to predlct their diffu-
sion characteristics under more moderate conditiens a.nd thus -
can prove ntisleading when predicting shelf life, ;
When elevated-temperature stability studies are conducted

“on products’ coated with-aqueous polymeric dispersions (la-
" texes or pseudolatexes), the data obtained might be more -

indicative of morphological changes that have occutred in the
film.. ‘Such changes may result from partial desm@tmn of the -
film when coated material adheres together in the container « .
and subsequently is broken apart; additionally, these changes -
might result from further coalescence of the coatmﬂ (which

<can occur when the coating is not coalesced completely ‘dur-

ing the coating process).
Stability tests usually are conducted on a product at the

‘time of development, during the pilot phase and on represen-

tative lots of the commercial product. Stability testing must

* continue for the commercial product as long as it remains on.

the market because subtle changes in.a manufacturing pro-
cess and/or a raw material can have an impact on the shelf lnfe
ofa product
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